Sodium-lithium countertransport activity has been proposed as a marker for hypertension and is lower in black compared to Caucasian subjects both with and without vascular disease. The question arises of what is the primary kinetic locus of the altered behaviour of the countertransporter in black subjects and whether this is also seen in normotensive subjects from other non-Caucasian ethnic groups.
Introduction
Clinical studies in the late 1970s showed significant racial differences in the fluxes of both lithium and sodium across the erythrocyte membrane.
1,2 Activity of the sodium-lithium countertransporter, one of the two main pathways for cellular lithium efflux, 3, 4 was subsequently found to be lower in black subjects compared to Caucasians. [5] [6] [7] By contrast, elevated values for sodium-lithium countertransport (SLC) activity have been reported in Chinese subjects compared to Caucasians. 8 Elevated SLC activity is also seen in patients with essential hypertension, 9 and has been proposed as a marker both for a subset of hypertensive patients genetically predisposed to and demonstrating more These results show that, when compared with three other selected ethnic groups, black subjects demonstrate an altered behaviour with respect to V max of the sodium-lithium countertransporter, which occurs in the absence of demonstrable vascular pathology.
severe forms of the disease. 10, 11 More recently, similar findings have been found in patients with vascular disease. 10 The findings of lowered SLC activity in black subjects appear to be paradoxical when one considers that black populations demonstrate higher incidences of hypertension, accompanied by greater risk of target organ damage and poorer responsiveness to therapy. 12, 13 There is also the question of what happens in other ethnic groups with special emphasis on those populations who, like blacks, also show a predisposition to severe forms of hypertension and vascular disease. For example, studies carried out on South Asian immigrants in the UK have shown elevated rates of coronary heart disease, 13 while the incidence of hypertension in middle-aged South Asian men is similar to that in the black population; both being higher than that in Caucasians living within the same region. 14 SLC activity, which represents the maximal rate of turnover of the countertransport system (V max ), has been shown to be a composite expression of the maximal velocity of the transporter and its external affinity for sodium (k Na ). 15 Studies which have characterised the countertransporter with respect to these two kinetic terms have suggested that it is an alteration in the affinity of the countertransporter for external sodium that accompanies hypertension and vascular disease and not a change in maximal velocity. 16, 17 The aim of the present study was to investigate the kinetics of the sodium-lithium countertransporter in black normotensive subjects to identify the kinetic locus (k Na or V max ) responsible for the reduced activity noted in black populations. At the same time, behaviour of the sodium-lithium countertransporter in black and Caucasian subjects have been compared for the first time with countertransport behaviour in subjects of Chinese and South Asian extraction.
Subjects and methods
The behaviour of the sodium-lithium countertransporter was characterised in a group of young, normotensive black males (n = 45) and compared with that in parallel groups of young, normotensive Caucasian (n = 45), Chinese (n = 40) and South Asian (n = 39) males. All subjects selected for study had no family history of hypertension, diabetes or dyslipidaemia, had normal plasma lipid profiles, and were selected so as to give similar ranges for age [18-35 y] and body mass index [19.5-28 .9 kg/m 2 ] across the groups. The subjects were either students of the Charing Cross and Westminster Medical School, medical, paramedical staff of Chelsea and Westminster Hospital, or students of the University of Hertfordshire, all gave informed consent and the study was approved by the Chelsea & Westminster Ethics Committee. The black, Chinese and South Asian subjects included in the study were either born in West Africa, China/Hong Kong or the Indian sub-continent, respectively, or were first generation children of immigrants to the UK. The Caucasian subjects originated from the UK.
All the subjects were examined in hospital between 09.00 and 16.00 hours. A full medical history was obtained from each subject. Information was requested regarding any family history of hypertension, diabetes or dyslipidaemia. Height and weight were measured with the subjects in light clothing without shoes. Blood pressure (BP) was taken as the mean of three measurements of diastolic and systolic pressure taken from the left arm after the subject had been sitting for at least 10 min in a quiet setting. Readings were based on Korotkoff sounds I and V, taken 5 min apart by the same observer, to the nearest 2 mm Hg, using a standard mercury sphygmomanometer.
Fasting venepuncture blood samples were drawn for determination of plasma lipids and plasma lipoprotein fractions and the determination of SLC kinetics. A further blood sample was collected in the black subjects to test for the presence of sickle cell trait and sickle cell anaemia using cellulose acetate electrophoresis.
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Determination of SLC activity and kinetics SLC activity was determined using an established method, which has been described previously in detail, 19 and was based on choline serving as the sodium-free medium. 20 Erythrocytes were loaded by incubation for 3 h in lithium-rich loading solution, following which, aliquots of packed cells were added to either choline or sodium-based medium (149 mmol/l) plus (mmol/l): MgCl 2 , 1; glucose, 10; ouabain, 0.1; Tris-MOPS, pH 7.4 at 37°C. Samples were taken from each of the incubating solutions at 15, 30 and 45 min. After centrifugation of the incubation mixtures at 2000 g (4°C) for 3 min, the supernatants were collected for determination of lithium content by atomic absorption spectrophotometry (model 3300, Perkin Elmer, Buckinghamshire, UK). SLC activity was determined as the difference between the rate of lithium efflux into the sodium and choline media respectively.
The kinetic characteristics of the sodium-lithium countertransporter were also determined using a previously published method from this laboratory. Tris-MOPS, pH 7.4 at 37oC. Incubations were carried out and aliquots collected for each of the 10 media at 15, 30 and 45 min. Lithium efflux rates in each medium were determined as for the traditional assay for countertransport activity. The kinetic constants V max and k Na were determined by plotting flux rate in the different media against the flux rate/sodium concentration ratio (Eadie-Hofstee plot). The data were fitted by linear regression, with k Na values determined from the slope of the line and V max from the intercept of the line with the y-axis. Correlation coefficients achieved at least 0.98 in all cases.
Statistical analysis
Data analyses were performed using SPSS statistical package (SPSS Inc, IL, USA). Results are expressed either as means (s.d.) or medians [range] . In each ethnic group, estimates of skew and kurtosis were derived for the kinetic parameters of the countertransporter and were used as a means of characterising their distributions. Comparisons between the four ethnic groups were made using ANOVA in conjunction with Bonferroni tests where the data were normally distributed and Kruskall-Wallis tests in conjunction with individual Mann-Whitney nonparametric tests where data were not normally distributed. For each group studied, associations between the kinetic characteristics of the sodiumlithium countertransporter and the clinical and laboratory data were assessed by product-moment correlation, the data were further analysed by stepwise multiple regression analyses. 
Results
The clinical and laboratory characteristics of the subjects were similar in all four ethnic groups (Table  1 ). Minor differences noted were: significantly higher mean height, weight and serum creatinine concentration (P Ͻ 0.001; ANOVA) and significantly lower serum triglyceride concentration (P = 0.02; ANOVA) in the black compared to the other three study groups. Table 2 . Significant reductions in median SLC activity (P Ͻ 0.001, Kruskall-Wallis; Figure 1 ) and in V max (P Ͻ 0.001, ANOVA; Figure 2) were noted in the black group compared with the Caucasian, Chinese and South Asian groups (Table 2) . No significant differences emerged between the four study groups with regards to k Na (P = NS, KruskallWallis), although there was a trend towards lower values in the black group.
Countertransport activity was found to correlate positively with the following measurements: BMI (blacks, r = 0.29, P Ͻ 0.05; Caucasians, r = 0.29, P Ͻ 0.05); diastolic BP (Caucasians, r = 0.32, P Ͻ 0.05); plasma triglyceride concentration (South Asian, r = 0.35, P Ͻ 0.05). Of these three characteristics only systolic BP in the Caucasians remained significant following stepwise linear regression analysis (Sig T = 2.180, P = 0.04).
V max correlated with SLC activity in all four groups (black, 0.76; Caucasian, 0.52; Chinese, 0.52; South Asian, 0.77: P Ͻ 0.001 in all cases). V max also correlated negatively with high density lipoprotein (HDL) cholesterol concentration (Caucasian, r = −0.59, P Ͻ 0.001; South Asian, r = −0.49, P Ͻ 0.01) and this remained significant in Caucasians only after multiple regression analysis (Sig T = −4.223, P Ͻ 0.001). Conflicting correlations were found with k Na ; positive in respect of serum creatinine (blacks, r = 0.35, P = 0.025); negative in respect of serum creatinine (Caucasian, r = −0.29, P Ͻ 0.05; Chinese, r = −0.37, P Ͻ 0.05). However, after stepwise multiple regression analysis, the only significant correlations to emerge were: positive with creatinine and low density lipoproteins (LDL) concentration in the black group (Sig T = 2.882, P Ͻ 0.01 and Sig T = 2.841, P Ͻ 0.01 respectively) and weight in the South Asians (Sig T = 2.658, P Ͻ 0.05), and negative with HDL cholesterol in the Caucasians (Sig T = −2.337, P Ͻ 0.05).
Six of the black subjects studied displayed sickle cell trait, while none had sickle cell anaemia. All the kinetic characteristics of the sodium-lithium countertransporter in those subjects with sickle cell trait were identical with those in the remaining black subjects not expressing this trait: median 
Discussion
Scatter of data obtained for SLC activity, V max and k Na across the four study groups were consistent with non-normal distributions for countertransport activity and k Na and a normal distribution for V max ; as has been reported previously. 16, 21 Although previous studies have compared behaviour of the countertransporter in either black or Chinese subjects with Caucasians, this is the first time that comparisons of SLC behaviour have been made across several ethnic groups. The present study confirmed the significantly lower SLC activities in black compared to Caucasian subjects which has been noted elsewhere. [5] [6] [7] The median [range] SLC activity in the Caucasians was similar to that we have reported previously in a larger group of healthy individuals, 22 and corresponded to values reported for healthy Caucasian subjects in Italy 23 and the USA. 24 Contrary to previous findings which noted elevated countertransport activities in Chinese compared with Caucasian subjects, 8 the present work found no differences between these two groups. This finding did not appear to be due to possible differences in the population base, since as with the earlier work, the majority of Chinese subjects we studied (approx 75%) originated from Hong Kong. Similarly, no differences in countertransport activity were observed between the previously unstudied South Asian subjects and either the Caucasian or Chinese subjects. Weak correlations were observed between countertransport activity and several cardiovascular risk factors; all these correlations have been noted previously. 19, 22 It is likely that the failure to detect similar patterns of correlation between these risk factors and countertransport activity across the four study groups was due both to the nature of the correlations, which tend on the whole to be weak, and to the relatively small group sizes. It seems unlikely that any of the clinical differences that were noted between the groups, such as the increased height and weight or reduced plasma triglyceride concentrations in the black subjects, were directly related to the observed differences in countertransport activity.
A significantly reduced V max was found in the black subjects when compared to the other three groups; whilst no differences in V max values were noted between the Caucasian, Chinese and South Asian subjects. Correlations between values for V max and SLC activity in all groups suggests that countertransport activity reflects the maximal rate of turnover of the transporter. Thus, the reduced activity seen in the black subjects can be ascribed to reduced V max .
The questions raised by this observation are first, how does this behaviour relate to the noted association between altered countertransport activity and both hypertension and vascular disease, and second, does the change reflect some ethnically dependent metabolic differences or does it represent a variance in the genetic control of the countertransporter.
With regards to relationship between expression of the countertransporter and hypertension, since all subjects within the study groups fell within a relatively narrow age band (19-30 y), it could be argued that some of the subjects studied may be destined to develop hypertension in later life. It is unlikely, however, that the entire cohort of black subjects would behave in this way. It seems valid therefore, to conclude that the reduced V max in black subjects is unconnected with hypertension. This conclusion is in agreement with previous work which compared countertransport activity in groups of black subjects with established hypertension with healthy, black normotensive subjects, [25] [26] [27] including a preliminary study which also determined the kinetic characteristics of the countertransporter and found reduced V max values in black subjects regardless of presence or absence of hypertension. 28 Neither was the reduction due to the presence of sickle cell trait or full blown sickle cell anaemia in the blacks; those few black subjects that had sickle cell trait demonstrated identical kinetic characteristics to those who did not.
No evidence from the present study to suggested that ethnically dependent metabolic differences are responsible for the behaviour of the countertransporter in black subjects. All those studied were young males with normal blood pressures and body mass indices, had no evidence of vascular disease, and shared very similar clinical and laboratory characteristics.
Only one clinical and laboratory parameter, HDL cholesterol, showed any consistent correlation with V max . This finding is in agreement with earlier work which showed expression of countertransport activity to be dependent on plasma lipid status, and in particular with plasma triglyceride concentration. 19, 22 More recent work has demonstrated that it is the V max of the countertransporter which is sensitive to plasma lipid status; with emphasis on HDL cholesterol and plasma triglyceride concentrations. 29 Despite the present study finding no correlation between triglyceride concentration and V max values in the black group, the lower triglyceride concentration in these subjects, noted on several occasions previously, [30] [31] [32] may still be relevant. Although the present study failed to detect any differences between the ethnic groups with respect to plasma HDL-cholesterol, this plasma lipoprotein tends to be elevated in black subjects. 33 When the negative correlation between the countertransporter and HDL-cholesterol reported by other investigators is taken into account 34, 35 it may have bearing on the consistent reduction in V max observed in this study.
Measurement of plasma triglyceride concentrations does not allow for the extent of saturation of the fatty acid moieties incorporated within the triglyceride molecule. It is possible that the relationship seen between countertransport activity and plasma triglyceride is dependent on individual fatty acid species rather than overall triglyceride concentrations. The lipid components of the erythrocyte membrane are in dynamic equilibrium with plasma lipids. It is likely therefore that plasma lipids influence the physico-chemical properties of the cell membrane and so influence the behaviour of various membrane transporters. The sodium-lithium countertransporter has been shown to be sensitive to membrane fatty acid composition. 36, 37 The lower plasma triglyceride concentrations in the black subjects could reflect subtle differences in the fatty acid composition of their triglycerides and these might be mirrored in the fatty acid composition of the cell membranes, producing a different behavioural pattern for the countertransporter. Certainly the fatty acid composition of adipose tissue has been shown to be altered in blacks compared to Caucasian subjects, 38 with differences in the key fats such as stearic acid, a fatty acid known to influence countertransport behaviour. 36, 37 The observed difference in the behaviour of the sodium-lithium countertransporter in a single ethnic group suggests that this phenomenon may be genetically determined. SLC activity has long been known to be under genetic influence, 9, 19, 20, 26 while both V max and k Na have shown familial associations. 39, 40 The present study was not designed to explore the question of whether there are direct genetic influences on expression of the countertransporter protein or whether the altered behaviour of the countertransporter occurs secondarily to some other genetically determined metabolic alteration.
k Na demonstrated similar values in all four ethnic groups. However, there did appear to be a trend towards lower values in black subjects compared with the other three study groups. A lowered k Na has been proposed as a possible marker for predisposition to hypertension, 16 ,28 while we have found it to be linked with general vascular disease. 17 It is possible that the trend to lower k Na values in this group of young black subjects may have broader relevance if extrapolated to the finding of increased susceptibility to hypertension and vascular disease seen in larger black populations.
Divergent correlations were noted between k Na and serum creatinine in the black and Caucasian study groups; positive in the black and negative in the Caucasian. The relevance of this observation is unclear. The negative correlation between k Na and serum creatinine in the Caucasian subjects is of particular interest since elevated countertransport activity, which may incorporate reduced k Na , has been associated with impaired renal function in both diabetic 41, 42 and non-diabetic subjects. 43, 44 Perhaps it is more than a coincidence that reduced k Na values have been reported not only in hypertension and vascular disease 15, 16 but also in the diabetic with overt nephropathy, 45 a condition which itself is associated with hypertension.
